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PRELIMINARY INTERPRETATIONS OF COYOTE POPULATION
MECHANICS WITH SOME MANAGEMENT IMPLICATIONS
FREDERICK F. KNOWLTON. Bureau of Sparl Fisheries and Wildlife. San Anlania. Texas

Abstract: The need for control of coyote (Canis latrans) depredations and a simultaneous demand for
recognition of the aesthetic and ecologic values of the species create a conflict in resource utilization that
should be resolved through more intensive management. A coyote population model is proposed from
current estimates of density, reproduction, population structure, and mobility. Densities of 0.5 to 1.0
coyote per square mile are frequently suggested, with occasional estimates of 4.0 or more per square mile.
Reproductive rates fluctuate as functions of the proportion of females that ovulate, the average number
of ova shed, and in utero viabilities. Average litter sizes of 4.3 to 6.9 seemed to be inversely related to
population density. Age structure of unexploited populations suggests a 40 percent annual mortality for
coyotes over 1 year of age, with relatively high survival rates between 4 and 8 years of age. Movement
patterns are not well understood, particularly with regard to home range arid dispersal, although indications are that females may be prone to longer treks than males. Implications of the coyote population
model that may be applicable in control technology, particularly with respect to general population suppression, temporary and local problems, intensive reductional programs, and efforts to reduce infiltration
rates into high risk areas, are discussed ..

Until recently, management of the larger
North American carnivores has been oriented toward removal of animals or species
where their presence appeared to jeopardize
human safety or toward economic or sporting interests. Now these same animals are
also in demand for aesthetic and recrea-
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tional purposes. The current ambiguity
presents a duality in management that can
be achieved only through a better understanding of the entire spectrum of species
values, more intimate biological knowledge,
and more precise techniques. In short, this
means more intensive management.
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Population models are useful tools in
understanding population processes, systematizing ecologic relationships, and for
devising and implementing management
practices. In the latter case, such models
could serve as a basis for providing sustained yields of game and furbearing animals, preventing agricultural depredations,
limiting numbers below epizootic thresholds, and encouraging populations for aesthetic enjoyment. However, demographic
models for carnivores are scarce. This discussion will explore some parameters of
coyote populations (namely density, reproduction, population structure, and movements ), formulate a provisional population
model, and suggest some implications for
management of coyotes.
The findings and interpretations presented
here reflect the cooperation and assistance
rendered by District Field Assistants and
their supervisors in the Division of Wildlife
Services in Texas. Credits are also due C.
J. Carley and R. T. McBride for their efforts
and critiques, and to Ann Jones for editorial
review of the manuscript.
POPULATION PARAMETERS
Densities

The relatively low densities of coyotes
create special sampling problems that are
compounded by the mobility and behavioral
traits of the species. Field personnel working closely with coyotes invariably form
opinions concerning relative numbers and
make subjective judgments about changes
in abundance. These estimates may be
satisfactory for purposes of animal control,
but they are scarcely quantitative and are
subject to inherent biases of the observers.
Eventually, more precise means of population enumeration will be needed if more
intensive coyote management is to be
achieved. Several methods for estimating
relative numbers of coyotes have been sug-
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Fig. 1. Six geographic areas of Texas.

gested and tried, including track counts,
scat counts, elicited howling 'responses,
scent post visitations, aerial surveys, and
several catch-per-unit-effort techniques, but,
to my knowledge, none has been adequately
evaluated (Robinson 1961, Pimlott and
Joslin 1968, Clark 1972, Lueth undated,
Linhart and Knowlton, unpublished data).
A technique we used to quantify the
relative abundance of coyotes employed
Humane Coyote-getters (Robinson 1943)
set in standard lines-50 getters set at 0.3mile intervals for a period of 10 days in the
fall. The Humane Coyote-getter has been
largely replaced now by the similar M-44
device which utilizes a coil spring to expel
the toxicant rather than an explosive charge.
The results, a kill type of trap-night data,
provided a measure of relative abundance
of coyotes in several areas of Texas (Fig. 1)
and avoided most observer bias. The data
(Table 1) suggest that coyotes are much
more abundant in South Texas (average
catch of more than 50 coyotes per standard
coyote-getter line) than in the Panhandle
(10-15 coyotes per line), whereas coyotes
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determined by the mean number of units

I\!fili

l:l ..') (Il)
O.t (;'»
5().O (fi)

19.1 (2)

1967

11.7
0.8
68.8
14.9

(7)
(5)
(5)
(2)

1968

12.2
0.0
51..5
13.6

(8)
(5)
(6)
(2)

• Standard coyote-getter line was comprised of 50 units set at O.:3-mile intervals along ranch roads for 10 consecutive
nights (hence each line represents 500 getter-nights).
b Numher of lines in parentheses.
.

arc obviously scarce in thc Edwards Plateau
(0-1 coyote per line).
Ideas of absolute densities for coyotes are
obscure and frequently limited to educated
guesses. A breeding population of 1.5 per
square mile and a postwhelping population
of 2.0 per square milc in a six-county area
of Kansas was estimated by Gier (1968),
and Bennitt (1948) calculated densities of
0.07 to 0.56 per square mile in various areas
of Missouri. After intensive efforts at
tagging, release, and recapture, Clark
( 1972) estimated postwhelping season
densities in Curley Valley, Utah, at one
coyote per 2 to 4 square miles. Population counts, incuding visibly marked animals, from fixed- and rotary-wing aircraft
led C. H. Nellis (personal communication)
to consider 25 to 40 coyotes per township
realistic for the area near Rochester, Alberta. From our work in Texas, it is apparent that coyotes are scarce in the Edwards
Plateau, whereas parts of South Texas may
average 4 to 6 per square mile in the fall.
The latter estimates are derived empirically
from results of standard coyote-getter lines
and tagging studies. In one instance, 46
adult coyotes were trapped, tagged, and
released in a 40-square-mile area in the
spring (just prior to whelping), when populations were assumed to be most sedentary.
However, 2 weeks later density estimates
were abandoned when only one tagged
coyotc was among the 56 animals recovered
from an aerial hunt, even though 40 addi-
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tional square miles surrounding the tagging
sitc were included in the recapture effort.
In another 30-square-mile area, 37 coyote
pups from five dens were tagged. With
adjustments for one den known to be
missed, the parents of the pups involved,
and an assumed equal number of nonbreeding adults (discussed in the section on
reproduction), a minimum density of 2.3
coyotes per square mile was derived.
Although admittedly vague, coyote densities appear to range as high as 5 to 6 per
square mile under extremely favorable conditions, with 0.5 to 1.0 per square mile
seemingly realistic over a large portion of
their range.
Reproduction

Variations in performance at any point
in the reproductive process can change the
reproductive efficiency of any population.
Among coyotes, the percentage of females
capable of breeding, the ovulation rate, the
degree of success in implanting, and in utero
viability are important.
The percentage of female coyotes that arc
sexually mature and that successfully whelp
is perhaps one of the more important variables in the reproductive capacity of local
populations. Studies of captive coyotes indicate that 35 percent may experience estrus
in their first year, the remainder not becoming sexually mature until 20 to 22 months
of age 0. J. Kennelly, personal communication). Field observations in Texas suggest
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with ImCOUNTY

YEAR

Number
Examined

Zapata
Starr
Duval
Crane

1967
1968
1968
1969

37
29
36
21

Mean

AYEUAOI~ NUMIII·:n
OF hU'l.ANTATIUNS
l'EI\ FKMALE

Pl'r('entf.\~c

plllntntitJll

()vulatin),t

Sites

62
48
59
81

54
48
50
67

5.7
5.4
4.8
6,6

62

54

5,6

(21)b
(14)
(18)
(14)

I'IClU:lr.N'I'AClI~ 01

IMJlI.ANTH WI'I'1l

VIA,DI,l( YnuNo

86
93
80
87

• Zapata. Starr. and Crane county samples taken April 9-21 (at whelping time) and Duval sample collected postpartum (May through July).
b Number of females with implantations.

that l-year-old females usually do not make
an appreciable contribution to the general
productivity, but under some circumstances
they may. In Kansas, Cier (1968) reported
that in some years less than lO percent of
this age group becomes sexually active but
that when rodents are abundant, as high as
70 percent of the short yearlings may breed.
In the absence of more definitive data, the
discussion here will not distinguish between
contributions from specific age components
but will consider the entire female portion
of the population.
Cier (1968) suggested that during favorable conditions in Kansas, 75 percent of the
female coyotes were sexually active, but
less than 36 percent might be capable of
breeding during less desirable conditions.
Calculations based on data presented by
Linhart et al. (1968) reveal that 32 to 91
percent of the females ovulated, with an
average of 57 percent for 15 study areas.
Our data from Texas (Table 2) show differences of 48 to 81 percent of the females
capable of breeding (ovulating). Most of
the variation appears to result from the
frequency with which females become
sexually mature in their first year of life
and, to a lesser degree, from the breeding
capabilities of older coyotes.
Effective reproduction, however, cannot
be measured by ovulations alone, Examina-
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tions of female reproductive tracts during
late pregnancy suggest that an average of
8 percent, and as high as 14 percent, of the
females may ovulate without implanting
embryos (Table 2). At the same time, the
mean number of recognized implantation
sites ranged from 4.8 to 6.6 per female (x =
5.6), with 80 to 93 percent (x= 87 percent)
represented by viable young.
Data reported by professional trappers
(District Field Assistants from the Division
of Wildlife Services) who routinely examined reproductive tracts suggested that
average litter size may be inversely related
to population density (Tables 3-5). The
average number of unborn young reported
undoubtedly represents resorbing in utero
fatalities, as well as viable young, since the
number of uterine swellings constitutes the
recorded observation. On the other hand,
the average number of pups reported per
den is typically smaller than the average
number of unborn young as a result of
uterine and postnatal mortalities, as well as
failure to recover all young from each litter,
particularly among older pups that may be
split between two or more burrows. Similar
observations were reported by Hamlett
( 1938). In the present study, sample sizes
less than 10 were considered inadequate
and generally excluded from the discussion.
Average litter sizes reported from North

COY(jTL j'or'L"LA·IIO.'.' .\h:CHA:";/CS •

Table 3. Average coyote litter ,ize from two region, of
Texm m indicated by unborn young and pup, recovered
from dens. a

Knowlton

Table 4. Compari,on of overage litter sizes in six areas
of Texa,.·
NUMBER OF

SOURCE

Utf'rine swellings
1967
1968
1969
~Thelps

1967
1968
1969

NORTII TEXAS

PREGNANT

PANHANDLE

FEMALES
EXAMINED

AREA

6.7 (18)"
- (2)
6.8 (43)

.5.3 (15)
6.,5 (16)
5.3(42)

North Texas
Panhandle
South Texas
Excluding Uvalde
Uvalde area
East Texas
Trans-Pecos

pf'r den
5.7 (43)
5.0 (41)
5.4 (53)

5.2 (71)
5.0 (85)
5.0 (85)
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AVERAGE NUMBER OF UTERINE
SWELLINGS PER
FEMALE

43
42

6.8
5.3

63
21
20
12

4.3
6.9
5.2
5.1

• From reports submitted by Division of Wildlife Ser-

• Based on reports submitted by Division of Wildlife
Services personnel.
b Sample sizes (in parentheses) represent number of pregnant females or dens reported.

Texas were consistently higher than from
other areas of the state (Tables 3 and 4).
Empirical information indicates that coyote
densities in this area are lower than in either
the Panhandle or South Texas. (Density
data for this area presented in Table 1 are
not representative, since the only two census
lines run were located adjacent to the western border.) In South Texas, where coyotes
are extremely abundant, reported litter
sizes averaged only 4.3. In the Uvalde
section of South Texas, where coyote numbers are drastically reduced by intensive
control efforts, the average litter size was
6.9. Furthermore, if the seven counties
providing most of the data on litter size
from South Texas are ranked empirically
in relation to the effectiveness of the respective coyote control programs (and presumably inversely to population density), the
average litter sizes reported with one exception, appear in a similar order (Table
5). Thus, the inverse relationship between
population density and average litter size
reported for many other species (Errington
1946, Christian 1956, 1959, and other
authors) also seems realistic for coyotes.
Despite the obvious increased productivity that can be achieved through larger
litters, I believe the greatest adjustments
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vkes personnel.

in productivity of local populations result
from significant changes in the percentage
of females capable of bearing young, with
the percentage of juveniles that become
sexually mature in their first year of life
particularly important. However, the factors regulating the frequency of pregnancy
among coyotes also influence litter size, and
the conditions that lead to higher pregnancy
rates probably also favor larger litter sizes.
Population Structure

Discussion of the sex and age composition of coyote populations should be prefaced with the realization that population
structure is not static, particularly with
respect to the segment comprised of juveniles. Thus, any accumulative type of popTable 5. Comparison of average litter sizes from seven
South Texas caunlies in relalion to conlrol eflorls."
INTEsSITY OF
CONTROL
EFFORT

Intensive
Moderate
Light

NUMBER OF

PREGNANT
COUNTY

Uvalde
Zavala
Dimmit
Jim Wells
Hidalgo
Jim Hogg
Duval

FEMALES
EXAMINED

10

8
12
21
11
17
11

AVERAGE
NUMBER OF
UTERINE
SWELLINGS
PER FEMALE

6.2
8.9
6.4
5.3
3.7
4.2
2.8

a From reports submitted by Division of Wildlife
vit:es personnel.
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1
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o
o

o
o
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29

19

4

19

26

36

13
4
5
7
4
4
6
3

17
16
6
6
2
1

10
6

4
2
1

12

8
7
1
3

4
4
2

1

1
1

o
o
o

o
o
o
o

47

50

1

1

8

5

o
o

o
1

o
o
o
o
2
o
o
o
o

25

14

27

4
1

o

2

o
o

1
3

o
o
o

1
1

1

5().:l

HI
1

1

o
o

o
3

o
o
o
o

o
o
o
o
o
o
o

23

13

2
2

ViA

1.3
1.2
0.5
0.0

34.3
24.2
10.3
8.0
6.7
4.3
4.5

3.5
1.3
1.6
0.0

1.0

• Data provided by S. B. Linhart, Denver Wildlife Research Center.
b Data provided by D. Juve, Division of Wildlife Services, Tucson, Arizona .
• Mean percentage of each group from each sample.

ulation sampling over an extended period
(as might be obtained through routine control operations) is biased toward the more
mobile segments of the population. Unless
otherwise stated, aspects discussed here
will refer to the adult portion of relatively
unexploited coyote populations, with samples extracted in as brief a time as practical.
The age distribution among natural coyote populations was estimated through examination of cementum layers and relative
size of the pulp cavity of canine teeth (Linhart and Knowlton 1967) in seven samples
from four areas. (Table 6). A significant
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difference between the age structure of male
and female segments of the populations
apparently resulted from marked differences in I-year-oIds. No significant difference (X2, 6 df = 6.69) was noted between
the age structure of the sexes when I-yearolds were 'disregarded. The data were combined and a fourth degree polynomial, Y =
71.5855 - 38.9838 X + 8.3024 X2 - 0.7599 XI
+ 0.0248 X4, calculated (R2 = 0.88) to approximate the general age composition of
the adult portion (1 year and older) of
un exploited coyote populations (Fig. 2).
These calculations suggest that in the ab-
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Table 7. Percentage of sex and age composition of fall
coyote populations as determined from field examinations'
of animals recovered from standard coyote·getter lines.
AREA

1

30 .

o
"-

!20

3

8

9

10

11

12

Age In years

Fig. 2.

AND

NUM8ElI
EXAM-

YEAR

INED

Zapata County
1965
1966
1967
1968

87
154
111
100

20.7
24.7
23.4
27.0

35.6
25.3
19.8
21.0

20.7
22.7
31.5
24.0

23.0
27.3
25.2
28.0

Webb County
1968
104

24.8

25.0

26.0

19.2

25.1

25.3

25.0

24.5

Average

(o."posite age distribution of adult coyotes.

scncc of organized coyotc control programs,
more than 70 percent of spring (prewhelping) populations are less than 3 years
old, and less than 5 percent exceed 9 years
of age. In the fall, more than 80 percent of
these populations are under 3 years old.
These findings are in general agreement
with those of Cier (1968) and Rogers
( 1965) . The age structure also implies
that mortality rates of coyotes 1 year and
older may exceed 40 percent annually even
when coyotes are not exploited. The decreasing annual mortality rate noted for
successively older coyotes suggests that experience, learning or accepted social positions, or both, may be factors in survival, at
least through 8 years of age. The oldest
wild coyotes recorded, on the basis of
cementum annuli, were a 14.5-year-old
female from western Colorado (D. S. Balser,
personal communication) and a 13.5-yearold male from Kinney County, Texas.
Differential behavior (to be discussed
later) between adult ,males and females,as
well as differences between juveniles and
adults, complicates interpretations of sex
and age ratios. On the basis of field examinations of coyotes recovered from standard coyote-getter lines in high density
arp<lS, it appears that juVC'niles comprise
ilhilllt half tIll' fall populations, althoup;h a

24

ADULTS

Females Males

JUVENILES

Jo'emales Males

• Based on body size and conformation, tooth eruption,
and relative tooth wear as evaluated by the author or
assistants, or both.

range of 44 to 57 percent has been noted
(Table 7). This is in reasonable agreement
with estimates that under conditions in
South Texas, about 50 percent of, the population normally breeds, producing average
litters of 4.6 to 5.2 young. In southern New
Mexico, Rogers (1965) found that pups
comprised 53 percent of the fall population.
Among samples taken during the spring,
males typically predominate, presumably
as a result of limited activity on the part of
gravid females. This aspect persists even
among samples obtained by aerial gunning
from helicopters. Nevertheless, I believe
that the sexes approximate a 1: 1 ratio in
the spring.
Movements

Reports of coyote mobility in the literature are restricted to accounts of a few individual coyotes (Young and Jackson 1951)
and several tagging-recapture studies (F.
E. Carlough 1940, unpublished report, on
file at the Denver Wildlife Research Center;
Robinson and Cummings 1951; Robinson
and Crand 1958). Unfortunately, 2- or
3-point location analyses, particularly if
made over extended intervals, do not readily
It'nd tht'mst'lves to distinguishing between

:37(j

Fig. 3.
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Areas af light and intense cay ate control in South

movements of individuals within established ranges and dispersal of animals seeking to establish themselves in new areas.
Ironically, the paucity of information on
coyote movement patterns has hampered
and thwarted other studies of coyote biology

and pwdator-prey relationships. Robinson
and Cummings (19.51) arbitrarily assumed
7H-square-milc home ranges (ll-mile diarnd('r) for coyotes. Current knowledge
can scarcely takc us furthcr, although radiotracking studies now in progrcss should be
l'nlightening.
The other aspect of movement, dispersal,
is perhaps more important in management
schemes because it provides the mainspring
for restocking areas where removal has been
thc primary objective of coyote management. Analyses of the animals recovered
in control operations from portions of South
Texas (Fig. 3) offered a unique opportunity
to study aspects of dispersal. Some coyotes
caught in the Uvalde area, where the control program is most intense, doubtless were
residents that had previously eluded capture, but ingress from the dense populations
in the surrounding areas contributed substantially to the catch. To the south, in the
heart of the high coyote density area, appreciably larger numbers of coyotes were
taken from an area of similar size, but the
control effort was low in relation to the

Table 8, Percentage af distributian af the September·ta.March catch af coyotes from areas of intensive and light control
efforts in South Texas.
DEGREE OF
CONTROL
AND MONTH

1963-64

1964-65

1965-66

196~7

1967-68

AVERAGE

Intensive
September
October
November
December
January
February
March

( 435)"
8
15
14
16
23
13
12

(413)
6
11
15
21
25
12
11

(479)
6
9
11
14
27
19
13

(850)
4
9
16
17
27
16
12

(502)
7
14
16
13
17
18
14

6
12
14
16
24
16
12

(2,516)
10
15
15
14
16
16
14

( 1,926)
12
18
20
14

(2,437)
. 12
16
16
16
15
14

(1,120)
5

Light
September
October
November
December
January
February
March

(3,450)
9
16
21
17
16
12
10

10

13
12

a Sample sizes in parentheses.

25

11

11

20
19
17
10

16

10

15
18
l(j

15
13
13
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Table 9. Percentage of catch, by month, comprised of
females in areas of light and intensive control, 1966--67 and
1967-68.

YEAR
AND
MONTH

150

377

INTENSE CONTROL

.,'"

INTENSIVE CONTROL
AREA
LIGHT CONTROL AREA

0100

PercentNumber of age of
Animals Fpmales

'0

Per<*ntNumber of
nge of
Animals
F6J11ales

Knowlton

>.

8

~ 50

"

D

E

1966-67

~

z

September
October
November
December
January
February
March

18
79
131
153
225
138

56
48
72
75
63

102

67

Total

846

64.8

60

135
346
352
365
372
328
243
2,141

47
45
53
46
63
48
47

5

o

N

o

J

o

J

LlGH T CON T ROL

200

150

50.4

1967-68
September
October
l\O\'ember
December
January
February
March
Total

38
72

81
65
86
88
72
502

58
51
67
63
62
60

54
59.6

58
124
226
220

197
U5
180
1,120

57
43
51
45
60
46
48

'"~

50

D

E
z

"

5

49.7

number of coytes present. Although some
coyotes caught had undoubtedly moved into
the area, it is felt that most were residents.
Unless otherwise stated, the following analvsis will be restricted to coyotes caught from
September through March, 196.1-64 through
1967--68. Thcse fall and winter periods presumably encompass the breakup of litters,
dispersal of young, prenuptial and brceding
activities, and the first half of gestation.
Owr the .S-year period, the seasonal catch
of coyotes in the Uvalde area ranged from
400 to 500, with the exception of 1966--67
when the catch rocketed to 850 (Table R).
I n the area of light control, catch rates were
considerably highf'r, averaging 2,290 coyoks pcr season. Heasons for the low catch
in 1967-613 are unclear. hut fewer than half
tIl(' normal nllm her of coyotes W('f(' rf'portvrl. \hrkerl differences ;Il (li~tribllti(ln
()f the c:\tcf-) w"n' f'v;d"nt 11',tWCf'1l .1", l;~h'
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Fig. 4. Numbers of mole and female coyotes captured
September through March, 1966-67 and 1967-68. in areas
of I;ght and ;ntensive control efforts.

and intensive coutrol areas. Capture rates
peaked in November in thc light control
area, with 49 percent of the coyotes taken
between October and December. In the
Uvalde area, more coyotes wcre captured in
January than in any other month, with .56
percent of the scasonal catch takcll betwceu
Dccember and February (Table 13).
Further analysis revealed gross differences in the sex ratio between animals
caught in areas of light and intcusi\'(' reductional programs (1966--67 and 1967--68
on ly ). \Vhcre the control program was less
intense, the overall sex ratio (Tahle 9) was
nearly equal (.51.5 females to .tS ..') males in
]96&-67,49,7 f('males to 30.3 maks in 1967fiS), \Vith the exception of January 1967.
the sex ratio <111HllHl: ('O\'otcs call,ght in the
light control area remained TIl'arlv equal
durinl'. {·,(ll llill11th (Fi,g . .t). [n (ontrast,
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felll~lles comprised 64.S p('rc('nt of thc catch
in the Uvalde area (intensive control) in
1966-67, and 59.6 percent in 1967-68. In
this case, males and femaks were caught
in equal ntunlll'rs during S('ptemlH'r and
Octo])('r, hilt from November through
March, fcmales outnumbered males sometimes as much as 3: 1.
Interpretations at this point suggest that
catch rates increased in Septcmber and
October as coyotes became morc activc
within their established ranges, and that
infiltration into new areas became important in November, increased through January, and then decreased in intcnsity through
March. Females appeared more prone to
seek out new areas than males. This substantiates the observations of Robinson and
Grand (19,58), who reported mean recovery
distances of 11.1 miles for tagged female
coyotes and 7.9 miles for tagged males.
They also pOinted out that four of the five
longest recoveries were by females, and of
those recovered within 1 mile of their
tagging site, males outnumbered females
42 to 27. These interpretations contrast
sharply with the findings of Phillips et al.
(1972) concerning dispersal of red fox,
where the frequency and distances recorded
for males greatly exceeded those for females.
The infiltration rate of coyotes into the
Uvalde area appeared greatest in January,
coinciding with the period 6f prenuptial
activities among coyotes. At that time, even
males were caught more frequently than at
other times, Cursory observations indicated
that animals less than a year old were
primarily involved, but a final judgment
will he delayed until all problems associated with the analysis are resolved.
In the 1967-68 period, when the total
catch in the area of light control was
markedly lower than in previous years, the
discrepancy in the sex ratio of animals
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caught in the Uvalde area was not as great
and the catch was more evenly distributed
throughout the season. This might indicate
r(,productiv(, success, and hence population
density, in surrounding ar('as as an important factor in determilling illfiltration ratl's,
with females responding to a greater extent
than males. An alternate hypothesis, suggesting that males sustain higher mortality
rates prior to dispersal, does not appear
consistent with the bulk of the information
currently available.
For the present, estimates of the dispersal
distances involved must be derived from
the summary of tagging data provided by
Robinson and Grand (1958). On the basis
of two studies reported by them, the mean
distances that tagged pups were recovered
were 25.4 miles and 10.5 miles, respectively,
although movements over 50 miles were not
uncommon and several of 100 miles were
noted. The averages listed above must be
considered minimal, since the analysis did
not distinguish between movements within
established home ranges and movements of
animals seeking new home sites.

POPULATION MODEL
The preceding information revealed some
of the limits within which coyote populations can be expected to respond, and from
them a model was developed (Fig. 5) as a
basis for generating and testing additional hypotheses with regard to coyote
populations and to serve as a provisional
guide for implementing coyote management
schemes. The model is derived from our
experiences with coyotes primarily under
southwestern desert and semidesert conditions but is believed to apply, with some
modifications, to other situations.
In areas where coyote numbers have stabilized with respect to the environment in
the absence of artificial restraints, populations may morc than double with the

.'
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spring whelping season (50 percent of
fcmales producing an average 4.5 to 5.0
viable young). Some neo-natal mortality
is known to occur, but pup survival rates
probably remain high for several months.
In November, a gradual reduction in numbers begins both from mortality and through
emigration to other areas. Emigration attains its greatest impact in January, when
prebreeding activities reach their peak, but
continues through the subsequent whelping season. As a result of dispersal and
mortality, populations normally attain their
lowest levels just prior to the whelping season. If we assume a 40 perccnt mortality
of adults on an annual basis, a net survival
of 33 percent of the young to 1 year of age
is sufficient to maintain a stable population.
The indicated loss of 67 percent of the
young prior to their first birthday, through
mortality and dispersal, does not seem unreasonable in view of our estimates of the
fall population structure and an assumed
small mortality among very young pups.
Under extremely favorable conditions
(usually abundant food supply) or in areas
where mortality rates are accelerated, populations may triple during the whelping
season if, as suggested by Gier (1968), 75
percent of the females conceive an average
of 6.0 viable pups. Ultimately this would be
reflected in the mortality rates because population stability is incorporated in the
model.
Under a regime of intensive population
reduction, we can hypothesize that the population fluctuates around levels appreciably
lower than those described above. Whelps
should triple coyote numbers, but destruction of litters at dens would rapidly reduce
the total number of coyotes. Since the efficiency of most control measures wanes
through the summer, the rate of population
reduction would decline. At lower demitics, the stimulus for dispersal might be
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Fig. 5. Proposed model of the annual cycle of coyote num·
bers under unexploited and intensive control regimes.

reduced, thus mitigating normal fall losses.
By November, the number of coyotes may
actually begin to increase again as a result
of influx from surrounding areas, but control measures normally become more efficient during the fall and winter. Thus, the
population is again reduced, reaching its
lowest point just prior to the next whelping season. The precise nature of this curve
would be dependent upon the type of control measures utilized as well as on the
size of the area under control. If intensive
den hunting was not utilized, the population might remain at the higher levels until
other reductional techniques became effective in the fall. On the OthN hand, if
a large area was involved, immigration
from surrounding regions might not be d£'tectable except along the fringes.
MANAGEMENT IMPLICATIONS

Since the current emphasis of coyote
management is toward eliminating or avoiding hazards to human interests, I will stress
control practices and attcmpt to point out
features of normal coyote demographics
that may be relevant. More specifically,
I will explore time and place as factors in
control technology that influence the cffcc-
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tiVl'Ill'SS amI effiei('lwy of programs. Although a spl'cific facet of mallag('lllellt-dcpn'(latioll COlltrol-will he the foells of this
dis(,lIssioll. the llH)(l,,1 call hI' (·«ually lISl'fll1
III IIl1d('rstalldillg ralllificatiolls of ('oyotl'
hiolo~y alld the ('{'ology of pn·dalioll.
Like eVl'ry management scheme, anilllal
control must have specific objectives; the
more precisely they are identified, the more
effectively they can bc met. Four basic
coyote control situations will be discussed
here, although it is clear that real situations are seldom so distinct. The first situation recognizes occasional nced for general
population suppression to avoid epizootics
or to preclude economic hazards, such as
undue livestock harassment resulting from
sheer numbers of coyotes. A second situation involves local problems of generally
short duration, such as in the case of coyote depredations upon ripening watermelons or newborn calves. Another category consists of areas where coyotes pose
perennial high risks, such as lambing ranges
and sheep pastures, where the only suitable
alternative appears to be extirpation of the
predators. Until coyotes can be effectively
and efficiently removed from' the areas
where intensive control is required, a fourth
situation exists: the need to restrict infiltration from adjacent areas. Each of these
problems is basically different, and each
must be met in a separate way. Let us now
turn to the model to see what it has to offer.
Almost by definition, we assume that
whenever general population suppression is
desired, relatively high densities are involved, possibly over extensive areas. Under
such conditions, it could be anticipated
that demographically the coyotes would be
functioning similarly to uncxploited populations (Fig. 5). Under these conditions, no
facade of thoroughness in a program would
be necessary, but quick appraisal suggests
that there is little point in attempting to
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suppress numbers in the fall, when the population normally effects a 50 percent reduction within a brief period. Control efforts
at that tilll(' lIIerely supplallt nor III al proc(·SS(·S. H(·tllldioll IIl·lmv tilt' poillt of pOplI'
latioJl stahility (eurryill).!; eaplH'ityr) would
certainly invite immigration from adjacent
areas, when annual dispersal occurs. Where
general suppression is warranted, it appears
that removal would be most effective as
dispersal wanes and immediately prior to
the ensuing whelping season. Reductions
then would be additive to naturallosses
and would also remove part of the incipient reproduction, hence making the effects
more severe and presumably longer lasting
than reductions at other times.
Spot control would seemingly fulfill the
needs where coyotes cause temporary problems in local areas. When agricultural crops
are involved, such as depredations on watermelons and cantalopes, the problems can
be anticipated in advance and resolved on
a local basis, whereas to achieve a similar
degree of relief very far in advance would
require a more massive approach over a
larger area. However, a slow response to a
temporary problem would do little more
than salve one's wounds with a few dead
coyotes. A control program in November
would do little to protect a calving operation in October, for by the time the program was effective the calves would no
longer be vulnerable. The population
model counsels against expecting the effects
of such a program to persist through the
following year because of the resilience of
populations. We are left with the alternative of meeting temporary and local problems on a temporary and local basis. In
these instances it may be in order to let
instant response capabilities of mobile programs replace more general and less efficient approaches.
Where coyotes create chronic problems

COYOTE POPULATION MECHANICS·

among high-value commodities, therc currently seems no alternative but to exclude
them. Physical barriers can be helpful on
small areas, but on larger expanses, intense
population repression may be the preferred
solution. Systematic reduction on a yearround basis would normally be anticipated.
However, removal of coyotes just prior to
whelping is more effective than at any other
time, because part of the annual reproduction effort is removed simultaneously. Efforts at this time have the additional advantage of removing animals just prior to
the period when depredations are traditionally the greatest. As a result of the low
densities, few losses from natural causes
would be expected. The second source of
recruitment is immigration from surrounding populations, with some infiltration at
all seasons but largely to be expected from
December through February. Fortunately,
most conventional control techniques arc
cffective at that time.
Without the ability to remove offending
individuals, or to otherwise curtail chronic
problems, areas of intensive control are essential. Depending on the severity of the
problem, establishment of buffer zones
around high risk areas may be justificd to
reduce infiltration rates. Since coyotes prcsumably pose no threat to the buffer area
itself, and juveniles are the ones most prone
to seek new areas, the objective can be defined more precisely with a specific segment
of the population being the primary target.
This affords a wider choice of options, since
any program that effectively removes somc
of the juveniles prior to dispersal should
reduce egress to adjacent areas. It makes
little difference if reduced egress is accomplish,ed ~hroll~h the use ~f reproductive
inhibitors t~ r'cduce rccruitm~nr''Tate~, by
dClllling to remove pups Il), by the use of
c0l1ventioTu1 too!, pril»), to tlll' tinH' nlfl\('llH'nt ()ccllrs.
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It has not been my intent to suggest when
or where specific coyote control programs
are justified or the means by which they
should be accomplished, but rather to show
how biological knowledge can assist in defining the problems in order to tackle them
more directly and selectively. Managers
must realize the values of the species, and
they have the. responsibility of evaluating
circumstances and identifying problemsto understand, for example, the basie differences between protecting seasonal versus
year-round calving operations, or the significance of the type of fencing used. Managers also must recognize the relative merits
and hazards of each control technique', be
it trapping, shooting from aircraft, or us£' of
a toxicant. It is the managers who must decide the time, place, and intensity of effort.
Coyote control programs are frequently
subject to economic, social, and political
ramifications beyond the scope of this presentation; but despite the limitations these
factors may impose, it is our biological
knowledge of the animal that permits us
to isolate, identify, and resolve the areas of
conflict within species managemcnt. Ultimately, the application of spccies biology
will provide the finesse that will allow us
to alleviate hazards to other human endeavors and yet provide ample opportunity
for the recreational and aesthetic pursuits
that coyotes offer.
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